Abstract 1.An orderly sequence in which the spontaneous electrical activity of the lateral geniculate nucleus(LGN)changes to a rhythmic one after intravenous administration of thiopental was studied in cats. 2.The response of LGN to barbiturate differed greatly from those of other thalamic specific nuclei.After administration of barbiturate,there appeared in the LGN a series of oscillatory potentials(barbiturate oscillatory potentials;BO potentials),the frequency of which changed sequentially from an initial 40Hz to 20,10,5,and finally,2.5Hz. 3.Frequency changes of BO potentials in the LGN were observed only when the retinas were intact.Following destruction of bilateral retinas, the LGN responded to barbiturate with spindle activity as did other thalamic nuclei. 4.Depth potential analysis of the LGN activities showed that the BO potentials were generated in layers A and Al.By contrast,the spindle activity was recorded mainly from layer B. 5.Simultaneous recordings from the LGN and the optic nerve indicated that the BO potentials in the LGN were driven by retinal afferent discharges.
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In the experiments to be reported here it was observed in cats that shortly after administration of barbiturate there appeared in the lateral geniculate nucleus (LGN)a series of oscillatory potentials which were clearly distinguishable from the barbiturate spindle activity;though elicited first at a frequency as high as 40Hz,they soon slowed down to frequencies that were successively halved. Referring to this series of barbiturate-induced oscillatory potentials of the LGN simply as"barbiturate oscillatory potentials(BO potentials),"it will be shown that they are dirven by retinal discharges and generated from layers A and Al.
Preliminary reports were published elsewhere (YAMAMURA and MMORI,1977, 1979 
RESULTS
Characteristics of LGN response to barbiturate Activities of the LGN and other thalamic nuclei changed in an orderly manner after administration of thiopental.One of the representative examples is shown in Fig.1 .In the VPL and cortical areas,a typical spindle activity with an intra- .30,No.3,1980 spindle frequency from 7 to 11Hz developed about 25 sec after barbiturate administration.By contrast,in the LGN,a fast BO potential with a prominent waxing and waning was induced 14 sec after barbiturate administration.In repeated trials the latency of appearance of the fast BO potential in the LGN varied from 14 to 18 sec and its duration rarely exceeded 30 sec. Figure 2A shows that the BO potential is superimposed with unitary activities. To facilitate a comparison,an underlined part of Fig.2A is shown with a much faster time scale in Fig.2B and 2C .In the latter figure,the slow component was attenuated by the use of an active high-pass filter(-24dB/oct from 200Hz). It was clearly indicated that each wave of the BO potential accompanied grouped unitary discharges.The frequency of the BO potential was about 40Hz.
Frequency changes of the BO potential of the LGN It was found that the initial BO potential of 40Hz was followed by a series of rhythmic activities with successively slowed frequencies.A whole series of changes in frequency is illustrated in Fig.3 .This was obtained in a single trial with a recording electrode fixed at the same point which was later confirmed to be in layer Al. Figure 3A shows the BO potential of 42Hz induced 15 sec after barbiturate administration.This activity changed gradually to one with a halved frequency (21Hz, Fig.3B ).The latter lasted for about 20 sec.The BO potential with a stable frequency of 10Hz next appeared (Fig.3C) .In this stage,the BO potential had the same frequency as that of the thalamic spindle activity and showed a prominent waxing and waning.This stage was longer lasting than the preceding two stages;it continued for about 20min.Following this stage,the BO potential with a further lowered frequency(5.1Hz)gradually predominated( Fig.3D )and then changed to a 2.6Hz activity (Fig.3E) .About 45min after barbiturate administration,the BO potential gradually disappeared and finally was replaced with the desynchronized activity as observed before barbiturate administration (Fig.3F) .Halving of the frequency of the BO potential occurred such that every other wave was attenuated and became abortive.This is best seen in Fig.3C ,D and E. A similar sequential change of the frequency was observed in other animals.
In the successive stages,the frequencies of the BO potentials were in the ranges from 35 to 44,from 18 to 22,from 8.7 to 11.5,from 4.3 to 5.7,and from 2.2 to 2.9Hz,respectively.However,in some trials one or two of the successive stages were not clearly identified.
Depth potential profile of the BO potential of the LGN To determine from which layer the BO potential arises,a bundle electrode was inserted into the LGN and potentials were recorded simultaneously from 5 different depths.An example of the depth potential profile is shown in Fig.4 . After recording the BO potentials from 5 different depths,the electrode was advanced by 0.25mm ventrally and the BO potentials again were simultaneously recorded. Thus,it was possible to record the BO potentials from 10 different depths.The position of the electrode tip was verified as shown in a photomicrograph in Fig.4 .
The frequency of the BO potential in this record was 20Hz.This activity was recorded as far as the electrode tip was located within the layers A and Al. From the same portion of the records,the mean value of the peak-to-peak amplitude of 10 successive waves was determined for each of the recording sites and expressed as a percent of the mean potential of the most active site.On the right of Fig.4 the mean potential values were plotted as a function of depth.It is suggested that the BO potentials were generated in layers A and Al.A major feature of the depth potential profile was identical though the BO potential changed its frequency.
Relation of the activity of the optic nevre(ON)and that of the LGN Activity of the ON was recorded with a stereotaxically-positioned bipolar electrode simultaneously with that of the LGN. Figure  5 illustrates that 20 sec after barbiturate administration,the rhythmic activity gradually developed in the ON(upper trace)and soon became a stable oscillation of about 40 Hz.It was 0.6sec later that a BO potential appeared in the LGN(lower trace).It showed a clear waxing and waning (Fig.5A) .The BO potential in the LGN appeared in phase with that of the ON (Fig.5B) .Unitary spike bursts also appeared in both ON and LGN,being superimposed on the oscillatory potentials (Fig.5C) .
Changes in the frequency of the BO potentials were compared between the ON and the LGN (Fig.6) .At stage A, the BO potential of the ON and that of the LGN appeared in phase with a frequency of 20 Hz.At stage B,the stable rhythm was gradually lost in the LGN and its frequency approached 10Hz,a value half the frequency observed at stage A.At stage C, the rhythmic activity completely disappeared in the ON,but the oscillaroty potential of 10 Hz still persisted in the LGN.
The relation of the frequency of the BO potential between the ON and the LGN based on 110 simultaneous recordings in 6 animals is summarized in Fig.7 . The frequencies of the LGN activity are plotted on ordinates against the frequencies of the ON activity on abscissae.When the activities had no clear rhythmicity,they were plotted as 0Hz.The frequencies of the BO potential of the ON were limited in the four ranges;they were from 38 to 44,from 18 to 23, from 4.6 to 5.7 and from 2.4 to 2.9Hz.I have never observed the ON rhythmic activity to appear with a frequency of about 10Hz. When the ON activity was rhythmic,the frequency of the LGN activity was either the same as the frequency of the ON activity(solid line)or half of it(broken line).When the ON activity had no stable rhythms,the LGN activity was mostly found to have frequencies ranging from 5 to 10Hz.In some cases,however,the LGN activities were also found in one of the above-stated frequency ranges.When the bilateral retinas were destroyed,the BO potentials of about 40,20,5 and 2.5Hz were completely lost and only the activity having frequencies between 4.8 and 9Hz persisted(open circles).
Effects of retinal destruction and of illumination on the BO potential of the LGN
Effects of the ON activity on the LGN were further analysed by recording the LGN activities from both sides simultaneously Figure 8 illustrates crosscorrelograms(CCGs)of the LGN activities between the two sides at various stages of the BO potentials. Figure 8A and B show 40 and 10Hz oscillations, respectively.The LGN activities of the two sides appeared in phase as shown by the CCGs.This was true when the LGN activity appeared at other frequencies. Figure 8C illustrates the 6.7Hz activity which appeared on administration of an additional dose of thiopental.In this case too,the LGN activities of the two sides were highly correlated.
After unilateral destruction of the retina,the BO potentials of the LGN Vol.30,No.3,1980 An example of the depth potential profile after bilateral retinal destruction is shown in Fig.9 .In this condition,two types of activities were recorded;one was the typical thalamic spindle activity with positive potential(P-wave;ANDERSEN and ANDERSSON,1968)(black stars)and the other,negative potentials(white stars).The former type of activity was recorded with the largest amplitude in Vol.30,No.3,1980 layer B as shown by a solid line in the inset diagram.It was associated with vigorous spike discharges in layer B. The negative potential appeared irregularly and its amplitude did not change with varying recording depths in the LGN (broken line).This type of activity was not observed by bipolar recordings and was not analysed further.
The last question studied was concerned with the effects of illumination of different intensities on the BO potentials. Recordings were performed in complete darkness and under an illumination of 400lux.In both conditions,the features of the BO potentials of ON and LGN were identical with those described above.In other experiments,pupils were fully dilated by dropping atropine sulfate in the eyes.In this condition, the features of the BO potentials were also identical in so far as the ambient illumination remained the same.
DISCUSSION
The present study clearly demonstrated that two kinds of rhythmic activities were generated in the LGN with barbiturate. One was a series of BO potentials and the other was the spindle activity which is well known to be produced in the thalamic and cortical areas under barbiturate anesthesia.The former was generated in layers A and Al and the latter was generated in layer B.
The cells in layers A and Al receive X-and Y-fibers from the contralateral and ipsilateral retina,respectively, and each receives its excitatory drive from one ganglion cell or from a small number of ganglion cells with similar properties (CLELAND et al.,1971; FUKUDA and SAITO,1972; HOFFMANN et al.,1972; HUBEL and WIESEL,1961; MITZDORF and SINGER,1977; WILSON et al.,1976) .A considerable number of cells are of the Golgi II type with short axons and distribute their axons within their own lamina (O'LEARY,1940; BISHOP,1953) .Considering these organizations of the LGN,it must first be questioned whether the series of BO potentials are simple reflections of the presynaptic ON activity or postsynaptic activities.The following results indicated that the BO potentials observed in the LGN were of postsynaptic origin.1)The depth potential analysis showed that the BO potentials could be recorded only from layers A and Al where X-and Y-fibers terminated.
2)The BO potential in the LGN appeared to be lagging behind that in the ON.3)The BO potential of LGN halved its frequency even when the ON maintained a stable BO potential.
It was reported by BROWN and ROJAS(1965) that administration of barbiturate produced regular repetitive burst discharges of retinal ganglion cells of rats. They suggested that when this repetitive activity was synchronized over a large part of the retina,an oscillatory potential was produced in the ON.The frequency of this barbiturate-induced activity was from 12 to 16Hz in rats and persisted in both light-and dark-adapted conditions as in this study.However, they observed no change in the frequency of the activity. LAUFER and VERZEANO (1967) reported that in the optic tract(OT)of cats,a series of oscillatory potentials was elicited by suddenly turning off the ambient illumination. The frequencies of these oscillatory potentials were almost the same as observed in this study.They also suggested that the oscillatory potential was produced by grouped discharges of the retinal ganglion cells.The slow oscillatory potential with a frequency from 2 to 5Hz has been observed by many investigators not only in the retina and the ON (DoTY and KIMURA,1963; GERARD et al.,1936) but also in the LGN (BISHOP and DAVIS,1960; GHELARDUCCI and POMPEIANO,1971; HUBEL,1960; HUBEL and WIESEL,1961; LEVICK and WILLIAMS,1964; MUKHAMETOV et al.,1970) .
I believe that various ocsillatory potentials observed independently by many investigators under different experimental conditions in the retina,ON,OT and LGN share a common neural mechanism and that each participates in constituting an entire course of frequency change.For generation of BO potentials,synchronized discharges of both X-and Y-ganglion cells should be necessary because the BO potentials are generated in layers A and Al and unilateral destruction of the retina does not result in their abolition.Since no centrifugal pathway to the retina has been found in mammals (SINGER,1977) ,the retina is probably the prime generator of these rhythms.
The P-waves which constitute the spindle activity are believed to be extracellularly recorded IPSPs produced by recurrent collaterals of thalamo-cortical relay cells in the LGN became nearly silent after an acute retinal deafferentation (EISEL and GROSSER,1975) ,fibers from the visual cortex and/or from the mesencephalic reticular formation might exert stronger synaptic actions on the cells in layer B (DUBIN and CLELAND,1977; SINGER,1977) and they may produce spindle activity.
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